The future of One Day International (ODI) cricket has come under scrutiny following increasing competition from other formats of cricket. We identify trends in attendance demand by examining over 540 ODI matches played in Australia and England between 1981 and 2015. We use fixed effects and Tobit random effects models to isolate key determinants of attendance demand for ODI cricket and in particular the impact of uncertainty of outcome. We find that team strength has little independent effect on ODI attendances, but the uncertainty of the match outcome, as measured by the relative strengths of the teams over a long period of time, increases demand for ODI matches in England. Further, organising the ODI as a Day/Night (floodlit) game has a large positive impact on attendance in Australia.
Introduction
One Day International (ODI) cricket is an important format of the game that allows two nations to complete a competitive match inside one day. However, attendances at ODI matches in some countries have fallen substantially over recent years: for example, attendances in the 1980s in Australia averaged over 35,000 but struggle to reach 25,000 today. The decline has accelerated since the first ICC World Twenty20 International (T20I) championship in 2007. Given the success of the Twenty20 format, some commentators have questioned whether ODI cricket has a future at all 1 though notably the 2015 World Cup final between New Zealand and Australia was played in front of a record crowd of 93,013.
In this study we seek to identify the demand for ODIs over time. Using attendance data for over 540 ODI matches played by home teams in Australia and England between 1981 and 2015, we estimate whether uncertainty of outcome and the strengths of the teams involved can explain demand for ODI cricket. The length of our dataset enables us to observe trends over a number of eras: the 1980s, when ODI cricket grew as a rival to Test cricket; the 1990s, when ODI cricket arguably usurped the popularity of Test cricket and the 2000s onwards, where ODI cricket's relevance has been challenged by T20I cricket.
Our choice of Australia and England was motivated by the fact that these countries provide two of the biggest markets for ODI cricket in the world, whilst ODIs have a long history in each country. From a practical point of view, these are also the two countries for which attendance data are available for a significant period. A feature of this paper is that we are able to exploit variation in strengths between different away teams and variation in the relative strengths of these teams over time. We use fixed effects, and where attendance is constrained by the capacity of the ground, Tobit random effects models to identify the uncertainty of outcome effects. We are also able to control for economic and other factors (such as the weather) that have been noted to affect demand for sport in the literature.
The structure of the paper is as follows. In the next two sections, we provide a brief introduction to ODI cricket and motivate our focus on uncertainty of outcome with reference to the prior literature. In section 4, we explain the methodology and data used in this study.
That the game concludes in a day avoids one measurement problem of the Test cricket setting, whereby the evolution of the match itself can affect demand for the latter days' play.
In section 5, we present the descriptive statistics and results before providing some discussion and concluding comments in section 6.
History of ODI cricket
Limited overs cricket was first played in England 50 years ago, in response to dwindling attendances for the first-class format of domestic cricket (Schofield, 1982) . The first limited overs game between countries was played between England and Australia in 1971. This format of the sport has since been called ODI cricket. The International Cricket Council (ICC), the governing body of international cricket, allows the ten Test nations and a number of other member nations (given "associate" or "affiliate" status) to play ODI cricket. An ODI game is played one innings a side: a team needs to score more runs than the other team to win the match. ODIs were initially played at sixty overs an innings, but over the last two decades they have been played at fifty overs an innings. In contrast to Test cricket, where a draw is possible, weather permitting each ODI ends with a definite result: either a win for one side or (rarely) a tie.
ODI cricket is an important setting to study attendance demand because it represents a balance between the shorter Twenty20 format, played for 20 overs per innings, and the lengthier Test cricket format, the original format of international cricket which can last up to 5 days. As such, ODI cricket provides a stepping stone for the next generation of cricket fans and families seeking an accessible format of cricket, but one that nonetheless rewards a style of play that could also be successful in Test cricket. Moreover, one-day cricket is the typical format replicated by amateurs in weekend games (e.g. between village cricket clubs) and revenues from ODI cricket are important in funding domestic cricket in a number of countries.
The ODI format has also been used as a format to encourage development in newer cricketing countries such as Ireland and Afghanistan. The recent decision to exclude such "associate" teams from the next ODI World Cup (to be hosted by England in 2019) has been particularly contentious and we consider the implications of this decision in the conclusion.
Uncertainty of outcome
Whether or not uncertainty of outcome impacts demand for sport has been the subject of much debate since Rottenberg (1956 ) (see Borland and Macdonald (2003) for a review of the extant literature). For example, Borland (1987) looks at the effect of uncertainty of outcome on demand for Australian rules football; Peel and Thomas (1988) examine the impact of uncertainty of outcome in soccer and King et al. (2012) assess the influence of playoff uncertainty on attendance in Australian National Rugby League matches.
In line with this tradition, the prior literature on demand for international cricket (including Chapman et al. 1987; Hynds and Smith, 1994; Bhattacharya and Smyth, 2003; and Blackham and Chapman, 2004 ) has sought to determine whether uncertainty of outcome impacts demand by looking at Test matches. Using uncertainty of outcome measures based on the relative strengths of teams in recent games, the results from these studies are broadly consistent with the hypothesis that a match between two competitively balanced teams is likely to have a positive impact on attendance demand. Sacheti et al. (2014) add to this literature by incorporating an additional measure which captures the uncertainty of outcome over a longer period of time (which they call long run uncertainty of outcome). The finding there shows that placing relative qualities of the two teams in a historical context is very important when explaining the demand for Test cricket. In particular, Sacheti et al. (2014) note that in both England and Australia, the absolute strengths of the home and away teams increase demand, whereas the relative long term strengths of teams have little effect.
Despite the work on Test cricket above, to our knowledge there is no study that has examined demand for ODI cricket. This is surprising given there are good reasons to suspect that the demand for ODIs will be different to Test cricket. As noted above, ODI cricket is a substantially shorter format of the game than Test cricket and is also marketed as a different product to Test cricket. It is quite possible that ODI cricket attracts a different type of spectator to Test cricket 2 . Moreover, Test matches are played over a period of days and uncertainty of outcome can change within match, whereas in ODI cricket uncertainty of outcome is based only on the ex-ante win probabilities of the two teams. The fact that limited overs cricket was deliberately conceived in response to dwindling attendances for first class cricket is also highly suggestive that demand for the two formats of the game is different.
Additionally, while there has been prior work on one-day cricket, these studies have been restricted to domestic cricket (Paton and Cooke, 2005; 2011) . The market for one-day international cricket is of an order of magnitude larger than for domestic cricket. As such, it
is not reasonable to assume that the results from domestic one-day cricket will carry over to an international setting. Since we have no a priori reason to assume the results from literature on Test matches or domestic limited overs games will transfer to the ODI context, we believe it is important to investigate this format of the game.
Methodology

Data
For matches in Australia, the data contain match attendance for 340 ODIs played by the Following Hynds and Smith (1994) , data on earnings were collected from national income surveys. The measure used was the average weekly wage for all workers, and where unavailable, all male workers in the catchment area for the match venue. The wage data were adjusted for inflation using relevant price indices. Data on venue capacities were collected from venue authorities. Data on competing sports events and public holidays in both countries were collected using widely available public sources, such as official web sites for the Australian Open and Wimbledon, and government web sites listing public holidays.
Empirical modelling
The data used in this study are in panel form, as they comprise both time series and cross sectional elements: a number of venues host matches annually over the sample period. As Koop (2008) To correct for a similar problem, Lemke et al. (2010) used censored normal regression techniques in their study of demand for Major League Baseball (MLB) in the USA. They argued that error terms are likely to be correlated across games within each series of games because baseball games are played in series against the same opponent for three to four consecutive games. Honoré (1992) shows that a fixed effects Tobit model produces biased estimates so we use a random effects Tobit model for English ODI attendances instead. The fact that the Australian fixed effect estimates are very close to the Australian random effects estimates provides us with some reassurance that failing to control for fixed effects in the English matches is unlikely to be the cause of the difference between the two countries. In some cases, it is difficult to precisely determine whether the matches were capacity constrained or not. Even if attendance on the day is not at 100% capacity, it is possible that some potential spectators might have been unable to buy tickets (e.g. if some spectators holding tickets do not attend on the day). As a rough, but conservative correction for this problem, matches where attendance was over 90% of the reported venue capacity were considered to be censored.
Measuring Attendance
Variable definitions and sources are given in Table 1 . Our dependent variable, Attendance, is the number of spectators who officially entered the venue for the match. We have used live attendance to model demand for reasons of data availability. An alternative measure of live demand is number of tickets sold, but we expect this to strongly correlate with attendance. A further alternative was to use some measure of television or radio audiences but these data were not accessible. Use of more recent forms of media such as Internet broadcasts would restrict our sample to a relatively small number of years.
We have two sets of attendance data: one for attendance at ODIs played by home teams in England and one for attendance at ODIs played by home teams in Australia. We will estimate a linear and a log-linear specification of equation 1 (provided in section 4.5 below).
The use of a log-linear model in addition to a linear specification is motivated by the ability of the former model to show how elastic demand is to unit increases in the explanatory variable as well as the use of these specifications in the literature on demand for sport (e.g.
Falter and Perignon (2000) and Bhattacharya and Smyth (2003) 
Measuring team quality and longer run uncertainty in ODI cricket
Similar to Hynds and Smith (1994) , Bhattacharya and Smyth (2003) and Sacheti et al. (2014) , we include a dummy variable for short run uncertainty of outcome by including a dummy variable for series uncertainty of outcome (Series Certainty). This equals 1 if the series result was decided prior to the match or, in a multi-nation tournament, if the identity of the finalists had been decided before the match. Additionally, we include a measure that captures longer term uncertainty of outcome by assessing the impact of longer term performances on demand.
We do this through a variable called Ratings Certainty, which models the ratings uncertainty of outcome of each match as the absolute difference in ODI ratings points (as published by ICC) between the two teams prior to the match. An increase in this variable shows declining uncertainty of outcome and so is expected to lower attendance. We also include the square term of this variable (Ratings Certainty Squared). This allows us to distinguish between small and large changes in uncertainty of outcome in their impact on demand.
We also include a variable called Home Strength, measured by the ICC ODI rating of the home team prior to the match. This will show whether the strength of the home team affects demand for international cricket. Previous literature (Borland and Macdonald, 2003) has noted that home team success tends to raise attendance demand. In addition, we include a variable called Opposition Strength, modelling the quality of the opposition team and using the ICC ODI rating of the opposition prior to the match. This will show if spectators are attracted to matches played by strong opponents independent of the strength of the home team. It is important for us that this measure of relative team strengths varies over the sample period. Indeed it does; the best team in the 1980s (i.e. West Indies) was not the best team of the 1990s or 2000s (i.e. Australia). We provide further detail on this in Table 2 . For each
Test nation, we note the team's highest and lowest ICC ODI rating during our sample years . Each Test nation's ODI rating has varied by at least 29 points (Pakistan) and up to 85 points (Zimbabwe) during the sample period. The case of West Indies is particularly illustrative, as the difference between its highest and lowest rating in the sample period is 66 points, even though the West Indies' highest rating was the highest rating for any team in the sample period (140 points).
Other Variables
The discussion above suggests a number of other variables expected to influence demand for ODI cricket matches apart from uncertainty of outcome and team quality. This list of control variables are provided in Table 1 .
We include two economic variables in our model of ODI attendance demand. First, we include Real Income, measured by average weekly earnings in the region the match is held in. This is adjusted for inflation by the monthly national Retail Price Index (RPI) in England and quarterly regional Consumer Price Index (CPI) in Australia. The expected sign for Real Income is ambiguous as professional sport can be either a normal or an inferior good. We also include a variable called Substitutes which equals 1 if a popular match was being simultaneously played in another major professional sport (such as the Australian Open in tennis or European Championships in football). Data limitations mean we are unable, however, to include a direct measure of ticket prices in our model. In any case, as argued by Sacheti et al. (2014) , including ticket prices is problematic as they are likely to be endogenous with respect to the opposition. In other words, English and Australian venue authorities set ticket prices according to perceived interest in the opposition. Instead, we include dummy variables for each opposition team. These dummy variables will absorb all time-invariant differences between opposition teams, including fixed price differentials but also fixed team strength differentials. Therefore, the identification of our team strengths and ratings certainty variables relies on variation within teams over time (see Table 2 ). where X is a vector (including an intercept) of the other control variables which are also likely to affect attendance as listed in Table 1 , and vi is a venue specific error that captures the unobserved heterogeneity between venues. vi is assumed to be independent of the explanatory variables in the Tobit random effects estimates and eliminated in the fixed effects estimates. Recently, it has been speculated that the rising popularity of T20 cricket, both internationally and domestically, may have affected the demand for ODI cricket. In particular, this effect is likely to have occurred by saturating the market for limited overs cricket given that T20 cricket is in fact a second format of limited overs cricket. Our sample of matches since T20 cricket came into prominence following the inaugural World Twenty20 is limited, but we have nonetheless marked the season on the chart. Whilst aggregate ODI attendance in Australia fell in the years following the first World Twenty20, Figure 1 shows that attendance in Australia has seen a largely downward trend since 1980, meaning it is difficult to attribute the decline in attendance post-2007 to any single factor. In England, ODI attendance has remained largely steady before and after the first World Twenty20. There is thus mixed evidence on how the growth of T20 cricket has affected ODI attendance. In any case, such an effect is likely to be observed over a longer period of time then considered in the present study.
Results and discussion
Descriptive statistics
We present some summary statistics of Australian and English attendances over the last thirty years in what impact the relative strengths of these teams and uncertainty of outcome had on attendance demand during the sample period. In order to identify these impacts, we proceed to our econometric analysis. This will exploit the time varying aspect of relative team strengths in our data. Income is statistically significant and has a negative relationship with attendance. This result is not very surprising as previous literature on sport has not found a consistent impact of income on demand (see Borland and Macdonald, 2003) . It is possible that ODI cricket is an inferior good in Australia: for example, rising incomes could reflect a greater opportunity cost from spending less time working and watching cricket instead. Alternatively, as incomes rise, consumers might switch from watching relatively inexpensive ODI matches to other sporting events that command a larger premium e.g. Australian Open tennis. In alternative specifications not reported here, we included time trends to identify whether the negative effect of income may have been related to declining ODI attendance over time, but we found this effect was robust to the inclusion of time trends, adding further weight to the possibility that ODI cricket is an inferior good in Australia.
Fixed effects estimates (Australia)
Field Restriction has an insignificant coefficient. However, disentangling the effect of field restriction regulations from other influences over time is difficult, meaning the impact of this ICC policy decision is not clear. Rain has a negative coefficient but its effect is statistically insignificant. Day/Night has a very significant and positive coefficient, with a day/night match attracting over 6,100 spectators more than a day match, on average, in the linear estimates. England, South Africa, India and West Indies all raise attendance relative to other away teams, other things being equal. Note that some of this positive effect may be due to a fixed differential between these and other teams but these coefficients do not isolate this effect away from other factors that might impact attendance demand e.g. historical rivalry.
Interestingly, the International days variable, which measures the number of days of international cricket played at the venue in the calendar year, has a negative and significant coefficient in the linear model. In Model 1, the result suggests that with other factors controlled for, an additional day of international cricket at the venue will lower attendance at an ODI by 620 spectators, on average. It is likely most local fans budget to watch only a certain number of days of international cricket in each year, meaning this finding is likely to be of interest to venue authorities seeking to maximize attendances. and Thomas (2007) distinguish "core" supporters from "floaters". ODI fans in Australia may possibly be "floaters", who are either less informed or care less about the strength of the teams involved compared to Test fans in Australia. These results for ODIs in England provide support for a significant effect of ratings uncertainty of outcome on attendance demand. Apart from a negative effect of increasing income, the strongest predictors of attendance for ODI games in Australia are whether the match was played under lights and whether the opposition was England, South Africa, West Indies or India. In contrast to Sacheti et al. (2014) 's result for Test matches in Australia, the strength of opposition teams is seemingly not as important in affecting ODI demand in Australia. In England, day/night games do not significantly raise attendance. Dawson et al. (2009) find that the team batting first was significantly more likely to win day/night ODI matches, which could be related to the insignificance of day/night matches in raising demand for ODIs. Also, increasing incomes lead to higher attendances for ODIs in England, in contrast to Australia. This suggests that ODI cricket is a normal good in England, in contrast to Australia. The fact that long run uncertainty of outcome raises attendance for ODIs in England also suggests that English ODI audiences may be more discerning than Australia.
Tobit random effects estimates (England)
Full sample estimates (Australia and England)
In Table 7 , we have provided combined estimates for the full sample including both England and Australia using a Tobit model (with the England observations censored but Australia observations uncensored). Income in the English estimates was converted from Pound sterling into Australian dollars using annual exchange rate data. Two results are of particular interest: firstly, ratings certainty is negative and statistically significant, and secondly, day/night matches significantly raise attendance across the four models. The other team strength and outcome uncertainty variables do not have a significant impact in the full sample.
Discussion and Conclusion
Discussion
There is some evidence that long run uncertainty of outcome has an impact on demand for ODI cricket: in the main, this evidence is from ODIs in England, where long run uncertainty of outcome is found to raise attendance. This contrasts with recent evidence of the demand for Test cricket (Sacheti et al, 2014) which shows that long run uncertainty has a negligible impact on demand, with the strength of both home and away teams being overwhelmingly more important in both England and Australia.
The strength of the home team is insignificant in ODI cricket in England and Australia. A positive effect of home team success has been frequently noted in other sports, including in Test cricket by Sacheti et al. (2014) . The fact that this factor seems less important for ODIs emphasises the fact that the two forms of cricket are differentiated products serving distinct markets.
The impact of the strength of the away team is insignificant in both England and Australia. Indeed, the strongest predictor of attendance in Australia is match timing (whether the match was a day/night game or not). One explanation for the insignificance of home and away strengths in Australia is that ODI cricket demand is more strongly driven by casual cricket watchers, who do not necessarily have a strong preference for watching strong or weak teams. England, South Africa, West Indies and India attract more interest independent of their strength as assessed by ICC rankings, suggesting the attendance decisions of ODI fans in Australia are influenced by factors other than relative team strengths or the absolute strengths of opposition teams.
Concluding remarks
In contrast to previous literature on international cricket, we examine the determinants of demand for One Day International (ODI) cricket. Using attendance data for over 540 ODI matches played in England and Australia since 1981, we find that, controlling for a series of economic and match specific factors, long run uncertainty of outcome has some impact on demand for ODI cricket in England, but home and away team strengths have no real effect on ODI demand in either England or Australia.
In England, long run ratings certainty has a strongly negative effect on demand, with increasing disparities in strengths of teams leading to lower attendances over time. This result is consistent with Rottenberg's (1956) uncertainty of outcome hypothesis. Home and away team strengths have no significant impact on ODI attendance. This suggests attendance decisions by ODI fans in England are influenced by the prospect of watching a close contest.
In Australia, there is no significant impact of either team strengths or uncertainty of outcome on attendance demand. Rather, the timing of the match (day/night or not) is a stronger predictor of attendance for ODI matches in Australia. Day/night matches are easier to attend during the work week as potential spectators do not have to take much time off work. The fact that increasing incomes lower attendance for ODI cricket in Australia also suggests ODI cricket is an inferior good in that country. Sacheti et al. (2014) find that Test cricket is a normal good in Australia, and the strengths of teams also impact demand in the country. Demand for ODIs in Australia by contrast is not significantly affected by the strengths of the teams. It is thus possible that ODIs satisfy the demand of 'casual' fans in Australia who are either unable or unwilling to spend at least a certain portion of their incomes on attending live cricket matches. As incomes rise, the keener or more discerning cricket fans may switch to the 'higher quality' product of Test cricket, whereas casual cricket watchers' demand remains unchanged, leading to an overall decrease in demand for ODIs with a rise in average incomes. Also, in Australia average ODI attendance is seemingly lowered by a high number of days of international cricket at the venue.
These results carry some policy implications. In Australia, the match timing is crucial in attracting spectators rather than the relative or absolute strengths of teams, although some opposition teams have attracted fans over time independent of their strength. In England, spectator interest is more strongly influenced by how close the match is likely to be, suggesting that matches scheduled against teams which vary widely in ability from the home team are likely to lower attendance. Given that the 2019 World Cup will be held in England, the results here provide some support for the decision to require associate countries to qualify for the tournament, insofar as the resulting matches between the countries in the tournament are likely to be closer contests than if all associate countries entered automatically and thus likely lead to higher attendances. However, if excluding associate countries from the tournament widens the gap between them and the Test playing nations, then the viability of future ODIs involving associate countries could be compromised.
The contrast between the results in this paper and those analysing the demand for Test cricket is consistent with a view that the two forms of cricket have markets that operate in different ways. As such, our results provide support for cricketing authorities to devise and implement distinct marketing strategies for the two products. Our results also suggest contrasting drivers of demand for the same product across different countries, suggesting authorities in different countries have to carefully tailor their approaches to maximise attendance and related revenues. Given the evidence that the introduction of T20 cricket can affect the demand for other forms of the game (Paton and Cooke, 2011) , it is particularly important that authorities consider the challenge of the growth of well-marketed domestic T20 competitions in recent years. (ii) * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level. (ii) * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level (ii) * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level. 
